INTRODUCTION
Ascaris lumbricoides, hookworms, and Trichuris trichiura are the most common intestinal helminths encountered throughout the tropical and subtropical countries. More than 1 billion people are infected with at least one helminth species, and more than 4 billion are at risk of infection. 1, 2 Although low worm burden often go unnoticed, about 450 million people suffer from significant morbidity caused by helminths. 3, 4 Beside children and the elderly, pregnant women is a group with particular susceptibility and suffer the majority of the effect of helminth infection. It is estimated about 44.3 million of 124.3 million pregnant women in developing countries are infected with helminth. 4 Among them, about 10% has severe infection leading to preterm labor and low birth weight. [5] [6] [7] Intestinal helminthiasis is commonly associated with blood loss and decreased supply of nutrients needed for erythropoiesis. 7 Beside that, two studies India and Kashmir discovered the presence of protein deficiency in helminth-infected subjects. 8, 9 One important protein for human is albumin. 10 Serum albumin is produced by the liver, dissolved in plasma and is the most abundant blood protein in mammals. Albumin is essential for the maintenance of oncotic pressure needed for proper distribution of bodily fluids between blood vessels and extravascular tissues. Without albumin, the high pressure in blood vessels would force intravascular fluids out into the tissues. Albumin also acts as a plasma carrier by non-specifically binding several hydrophobic steroid hormones and as a transport protein for hemin and fatty acids. 10, 11 However, it is still disputable whether helminth infection affects albumin levels in the human body.
According to the 2005 National Socio-economic Survey (Survei Sosial Ekonomi Nasional/SUSENAS) 12 and the Indonesian Health Profile published by the Indonesian Ministry of Health in 2009 13 , low birth weight and infant mortality rate in Indonesia were 38.85% and 34 per 1000 livebirths, respectively. One study conducted in Central Java found that the prevalence of helminth infection in pregnant women was 69.7%. 14 It is still disputed whether helminth infection, through changes in albumin, play an important role in causing pregnancy morbidity or adverse pregnancy outcome in Indonesia. We aim to investigate the effect of helminth infection on albumin level and pregnancy outcome in this study.
METHODS
This study was an observational study using prospective cohort approach. Third trimester pregnant women residing in Makassar and presenting for antenatal care in Sitti Fatimah, Pertiwi, Labuang Baji and Haji Hospitals between September and December 2012 were inquired for participation. After informed consent and agreement of participation were obtained, information regarding age, parity, education and occupation was collected using short questionnaire. This study was reviewed by the Hasanuddin University Ethical Committee for Human Research.
Stool samples were collected and examined using Kato Katz technique for presence of helminth and its intensity. Soon after delivery, 3 ml venous blood was obtained from the mother and 3 ml cord blood was obtained from the placenta. After separation from blood cells, the sera were processed in Dr. Wahidin Sudirohusodo hospital for albumin level measurement. The serum albumin was classified as low when it was found to be lower than 3.5 g/dl. 10 After delivery, gestational age, birth weight, and length were recorded. Gestational age was classified as preterm when the duration of gestation was shorter than 37 weeks. Baby weight and length were classified as abnormal if the weight was less than 2500 gram and the length less than 47 cm. 15 To analyze the association between helminth infection and variables of interest, we randomly selected 19 samples that were not helminth-infected, and 20 samples from the helminth-infected group for serum albumin level examination.
Data was analyzed using SPSS 17 trial program. The association between helminth infection and maternal albumin level, neonatal albumin level, and other variables of interest was calculated using fisher's exact test. The association was regarded as significant if the p value <0.05.
RESULTS
In our sample, 21 pregnant women (22.83%) in the third trimester of the 92 women who provided stool samples were shown to have intestinal helminth infection. Among the infected women, 20 were infected by only Ascaris lumbricoides, one by only Trichuris trichiura, and three by both Ascaris and Trichuris. No hookworm was detected in the stool samples. One of 20 Ascaris infected mother showed a very high intensity of infection (21,840 epg). Therefore, her data was excluded when calculating the mean helminth intensity. The intensity of Ascaris infection among the remaining samples ranged from 24 to 11,688 epg; with mean intensity of 1769.3 epg. As shown in Table 1 , mother's age ranged between 17-38 years old and multigravidity was found in 56.5% of our subjects.
Pregnancy outcome was measured soon after delivery. The proportion of mothers who delivered
Indones J 20 Ridwan et al Obstet Gynecol
at gestational age <37 week was 2.2%. Approximately 5.4% of the babies were born with low birth weight and 31.5% had a shorter birth length. From the 39 available cord blood samples, 11 samples had albumin concentration <3.5 gr/dl.
As shown in Table 2 , helminth infection has no effect on either maternal or neonatal albumin levels. Interestingly, although the association was not found to be statistically significant, our study discovered a tendency for helminth infection to increase the risk for preterm birth and low birth weight up to two-fold. No association was identified between maternal albumin levels and neonatal albumin, as well as pregnancy outcomes (Table 3) . 
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DISCUSSION
The prevalence of helminth infection may be influenced by several factors; such as study area, lifestyle, sanitation, socioeconomic, educational, water supply and the use of antihelminthics. The prevalence of helminth infection in pregnant women in Makassar, Indonesia in this study was 22.83%, similar to reports from Kumasi, Ghana 7 and Enugu, Nigeria. 16 A higher prevalence was reported in Central Java, reaching as high as 69.7%, 14 and studies done in tropical countries like Uganda (68%) 17 , Venezuela (73.9%) 18 , Kenya (76.2%) 19 , and Ethiopia (43.5%) 20 . Our study was carried out in Makassar, the capital city of South Sulawesi province, where people have better sanitation, socioeconomic condition, and education; while the Central Java study 14 was conducted in a rural area. The studies in Ghana and Nigeria were also conducted in urban areas, explaining the similar results. 7, 16 Ascaris lumbricoides was identified as the most prominent cause of infection in our population, followed by Trichuris trichiura, while none had hookworm infection. This is similar to studies from Venezuela 18 and Kenya 19 . In Central Java, Trichuris trichiura is the most prominent helminth in the population of pregnant women, followed by Neca tor americanus and Ascaris lumbricoides. 14 The difference in species predominance might be due to variation in hygiene practices, temperature, altitude, soil type, and time of screening. The transmission of hookworm, for instance, is reported to be predominant in highland areas as seen in high altitude areas in Enrekang, South Sulawesi 21 , Bali 22 , and Irian Jaya 23 .
Ascaris lumbricoides is the giant roundworm capable of infecting human, growing to a length of up to 35 cm, and living in the small intestine. 24 This parasite consumes food that has been processed by the human intestine, and disrupts the absorption of nutrition, which eventually leads to gastrointestinal disturbances, decreased appetite, and intestinal mucosa damage. Intestinal mucosa damage, together with pilfering of nutrients, results in protein depletion. Prolonged protein depletion will alter albumin synthesis through decreased mRNA activity and ribosome disaggregation in the hepatocytes, and thus may lead to hypoalbuminemia. 25 Hypoalbuminemia during pregnancy may lead to decreasing free fatty acid (FFA) transfer via the placenta and decreased intrauterine supply of amino acids. FFA is necessary for fetal brain development, cell membrane synthesis, and fetal fat deposit. Finally, hypoalbuminemia during pregnancy may cause low birth weight, as well as prematurity. 11, [25] [26] [27] Studies done in helminth-infected population reported a significant association between Ascaris infection and hypoalbuminemia (p=0.032). 28 Hypoalbuminemia was found in 32.6% of a helminth-infected group in India. 8 Another study reported that the albumin level in helminth-infected people was lower than in non-infected ones (3.52 vs 4.23; p=0.001). 9 In our study population, helminth infection did not affect albumin level for either of mother or newborn. This may be due to the low intensity of helminth infection in our subjects. According to Chaicisemsari et al, infections with egg count above 450 per visual field can cause a significant decrease in serum albumin level. 29 This means only heavy intensity helminth infection can lead to nutritional disturbance, hypoalbuminemia and abnormal pregnancy outcome.
An interesting finding was observed in one subject. Among 20 pregnant women infected with As caris lumbricoides, one had a considerably higher Ascaris intensity compared to the majority of our subjects (21,840 eggs per gram). The albumin level of the mother and her baby were 3.0 g/dl and 1.9 g/dl, respectively and her pregnancy outcomes were also unfavorable, with low birth weight (2200 gr) and preterm birth at 33 weeks. Whether the low level of albumin and poor pregnancy outcome in this mother were caused by helminth infection or by other factors is unclear since we did not carry out further investigations on food intake or renal function. Nevertheless, the coexistence of high intensity Ascaris infection, hypoalbuminemia, low birth weight, and prematurity in this subject should be recognized.
We faced the problem of lack of power due to the limited number of participants in this study. We found that the risks for prematurity and low birth weight are higher in helminth-infected women, twice the risk of those who were not infected. Although our analysis could not reach significance, we believe that helminth infection affects pregnancy outcome in our population, as reported in prior studies.
Studies investigating helminth infection in pregnant women and albumin level is limited, and to our knowledge, this is the first study on the topic in Indonesia. Although we could not prove, except
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Helminth infection in pregnancy 23 from the excluded subject, the effect of helminth infection on albumin level and pregnancy outcome, we believe that if the samples were selected from an area with high helminth infection intensity and with a higher number of participants, a significant association might be identified.
CONCLUSION
Helminth infection seems to affect pregnancy outcome, specifically gestational age and birth weight, in Makassar and the effect not in line with albumin level. Helminth infection might contribute to the high infant mortality rate in Indonesia, but could not be explained by changes in albumin level. Many factors; including hemoglobin level, the supply of macro and micronutrients, genetics, as well as physiologic and pathologic changes in both mother and fetus during pregnancy; may also hold an important role in this situation. A study to investigate the effect of helminth infection in pregnancy needs to be conducted in an area with high helminth transmission.
